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ELECTRICALLY-CONDUCTIVE ELASTOMERIC COMPRESSION 
PAD FOR USE WITH PROTON EXCHANGE MEMBRANE 
ELECTROCHEMICAL CELLS 
BACKGROUND OF THE INVENTION 

5 The present invention relates generally to electrolysis cells (also referred to as 

electrolytic cells) and relates more particularly to electrically-conductive connpression 
pads used in stacks of proton exchange membrane (REM) electrolysis cells. 

In certain controlled environments, such as those found in airplanes, 
submarines and spacecrafts, it is often necessary for oxygen to be furnished in order 

10 to provide a habitable environment. An electrolysis cell, which uses electricity to 
convert water to hydrogen and oxygen, represents one type of device capable of 
producing quantities of oxygen. One common type of electrolysis cell comprises a 
proton exchange membrane, an anode positioned along one face of the proton 
exchange membrane, and a cathode positioned along the other face of the proton 

15 exchange membrane. To enhance electrolysis, a catalyst, such as platinum, is 
typically present both at the interface between the anode and the proton exchange 
membrane and at the interface between the cathode and the proton exchange 
membrane. The above-described combination of a proton exchange membrane, an 
anode, a cathode and associated catalysts is commonly referred to in the art as a 

20 membrane electrode assembly. 

In use, water is delivered to the anode and an electric potential is applied 
across the two electrodes, thereby causing the electrolyzed water molecules to be 
converted into protons, electrons and oxygen atoms. The protons migrate through 
the proton exchange membrane and are reduced at the cathode to fomn molecular 

25 hydrogen. The oxygen atoms do not traverse the proton exchange membrane and, 
instead, form molecular oxygen at the anode. 

Often, a number of electrolysis cells are assembled together in order to meet 
hydrogen or oxygen production requirements. One common type of assembly is a 
stack comprising a plurality of stacked electrolysis ceils that are electrically connected 

30 in series in a bipolar configuration. In a typical stack, each cell includes, in addition 
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to a membrane electrode assembly of the type described above, a pair of multi-layer 
screens, one of said screens being In contact with the outer face of the anode and 
the other of said screens being in contact with the outer face of the cathode. The 
screens are used to form the fluid cavities within a ceil for the water, hydrogen and 

5 oxygen. Each cell additionally includes a pair of polysulfone cell frames, each cell 
frame peripherally surrounding a screen. The frames are used to peripherally contain 
the fluids and to conduct the fluids into and out of the screen cavities. Each cell 
further includes a pair of metal foil separators, one of said separators being 
positioned against the outer face of the anode screen and the other of said 

10 separators being positioned against the outer face of the cathode screen. The 
separators serve to axialiy contain the fluids on the active areas of the cell assembly. 
In addition, the separators and screens together serve to conduct electricity from the 
anode of one cell to the cathode of its adjacent cell. Plastic gaskets seal the outer 
faces of the cell frames to the metal separators, the inner faces of the cell frames. 

1 5 being sealed to the proton exchange membrane. The cells of the stack are typically 
compressed between a spring-loaded rigid top end plate and a bottom base plate. 

Patents and publications, relating to electrolysis cell_ stacks include the 
following, all of which are incorporated herein by reference: U.S. Patent No. 
6,057,053, inventor Gibb, issued May 2, 2000; U.S. Patent No. 5,350,496, inventors 

20 Smith et al., issued September 27, 1994; U.S. Patent No. 5,316,644, inventors 
Titterington et al., issued May 31 , 1994; U.S. Patent No. 5,009,968, inventors Guthrie 
et al., issued April 23, 1991; and Coker et al., "Industrial and Government 
Applications of SPE Fuel Cell and Electrolyzers," presented at The Case Western 
Symposium on "Membranes and Ionic and Electronic Conducting Polymer," May 17- 

25 19. 1982 (Cleveland, Ohio). 

In order to ensure optimal conversion of water to hydrogen and oxygen by 
each electrolysis cell in a stack, there must be uniform current distribution across the 
active areas of the electrodes of each cell. Such uniform current distribution requires 
uniform contact pressure over the active areas of the electrodes. However, uniform 

30 contact pressure overthe active areas Is seldom attained solely through design since 
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the dimensions of the various components of a cell typically vary within some 
specified limits due to the production methods used in their fabrication. In fact, 
standard electrolysis cells often show compounded component dimensional 
variations of about 0.007 to about 0.010 inch due to fabrication limitations, with 

5 additional dimensional variations of up to about 0.002 inch due to differential thermal 
expansion during electrolysis cell operation. 

One approach to the aforementioned problem of maintaining unifonn contact 
pressure over the entire active areas of the electrodes has been to provide an 
electrically-conductive compression pad between adjacent cells in a stack. One type 

10 of electrically-conductive compression pad that has received widespread use in the 
art comprises an elastic disk, said disk being provided with an array of transverse 
holes and transverse slots. The transverse holes are provided in the disk to allow for 
lateral expansion during compression of the disk. The transverse slots are provided 
in the disk so that a plurality of parallel metal strips may be woven from one face of 

1 5 the disk to the opposite face of the disk through the slots. 

Other types of electrically-conductive compression pads are disclosed in the 
following patents, all of which are incorporated herein by reference: U.S. Patent No. 
5,466,354, inventors Leonida et al., issued November 14, 1995; U.S. Patent No. 
5,366,823, inventors Leonida etaL, issued November 22, 1994; and U.S. Patent No. 

20 5,324,565, inventors Leonida et al., issued June 28, 1994. 

Compression pads of the type described above comprising an elastic disk 
having parallel metal strips woven therethroughout are generally capable of 
compensating for dimensional variations of a cell to maintain uniform contact over the 
active areas of the cell up to pressures of about 500 psi. Unfortunately, however, 

25 more and more applications require increased gas delivery pressure capabilities. 
Increased pressure requirements were initially addressed by enclosing the entire cell 
stack within a pressure vessel to limit the maximum load across the pressure pad to 
about 200 psi. In such a configuration, the compression pad was vented to the 
vessel, and the stack was operated in a balanced pressure mode, i.e., both gases 

30 were produced at approximately the same pressure. The vessel plus the pressure 
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controls associated with this configuration, however, added significant weight and 
expense to the system. 

Electrolysis cell stacks without a pressure vessel are simpler, lighter, and less 
expensive than those requiring pressure vessels. In such a configuration omitting a 

5 pressure vessel, the compression pad is totally sealed, i.e., notexternaliy vented, and 
must withstand significantly higher pressure difl'erentials, approximately equal to the 
sum of the highest intemal pressure during operation and the compression required 
to maintain uniform contact. This pressure differential can reach about 2,500 psi or 
greater. As can readily be appreciated, such pressure differentials render 

10 compression pads of the type described above only marginally useful. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a novel elecfrically-conductive 
compression pad suitable for use in an electrolysis cell stack. 

It is another object of the present invention to provide an electrically- 

5 conductive compression pad of the type described above that overcomes at least 
some of the shortcomings discussed above in connection with existing electrically- 
conductive compression pads. 

It is still another object of the present invention to provide an electrically- 
conductive compression pad of the type described above that can be mass- 

10 produced, that Is easy to manufacture and that is simple to use. 

Therefore, in furtherance of the above and other objects to be described or to 
become apparent from the description below, there is provided herein an electrically- 
conductive compression pad suitable for use in an electrolysis cell stack, said 
electrically-conductive compression pad being constructed according to the teachings 

15 of the present invention and comprising (a) a single sheet of electrically-conductive 
material, said single sheet of electrically-conductive material having a top surface and 
a bottom surface; and (b) elastomeric material arranged on said single sheet of 
electrically-conductive material in such a way that, when said elastomeric material is 
compressed, substantially uniform pressure is exerted across each of said top 

20 surface and said bottom suri'ace of said single sheet. 

With respect to the aforementioned compression pad, the elastomeric material 
is preferably arranged on each of said top and bottom surfaces of said single sheet, 
and said single sheet is preferably bent to lie flush with said elastomeric material at 
one or more points on each of said top and bottom suri'aces when said elastomeric 

25 material is compressed. Said single sheet of electrically-conductive material is 
preferably a sheet of metal, said metal preferably being, but not being limited to, a low 
resistivity (or high conductivity) metal selected from the group consisting of niobium, 
titanium, zirconium, tantalum, copper, nickel, hastelloy, and steel. Said single sheet 
may be circular or rectangular in shape but is not limited thereto. The elastomeric 

30 material is preferably a rubber having a shore A durometer of approximately 45 to 
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100. For example, where the compression pad is intended for use at pressures of 
up to about 800 psi, the elastomeric material may be a silicone rubber having a shore 
A durometer of about 55; alternatively, where the compression pad is intended for 
use at pressures of up to about 2500 psi, the elastomeric material may be a 
5 polyurethane having a shore A durometer of about 95. 

According to another aspect of the invention, there is provided an electrically- 
conductive compression pad suitable for use in an electrolysis cell stack, said 
electrically-conductive compression pad comprising (a) a single sheet of electrically- 
conductive material, said single sheet of electrically-conductive material having a top 

10 surface and a bottom surface, said single sheet of electrically-conductive material 
being bent up and down to include a plurality of alternating ribs and channels; and 
(b) elastomeric material mounted within said channels, said elastomeric material 
being dimensioned so that, when said elastomeric material is compressed, said 
elastomeric material lies flush with said ribs and exerts substantially unifonn pressure 

15 across each of said top surface and said bottom suri'ace of said single sheet. 

With respect to the aforementioned compression pad, the alternating ribs and 
channels are preferably linear and parallel to one another. The ribs on the top 
surface of said single sheet form channels on the bottom suri'ace of said single sheet 
and vice versa. Said single sheet is preferably a sheet of metal, said metal preferably 

20 being, but not being limited to, a low resistivity (or high conductivity) metal selected 
from the group consisting of niobium, titanium, zirconium, tantalum, copper, nickel, 
hastelloy and steel. Said single sheet may be circular or rectangular in shape but is 
not limited in shape thereto. The elastomeric material is preferably a rubber having 
a shore A durometer of approximately 45 to 100. For example, where the 

25 compression pad is intended for use at pressures of up to about 800 psi, the 
elastomeric material may be a silicone rubber having a shore A durometer of about 
55; alternatively, where the compression pad is intended for use at pressures of up 
to about 2500 psi, the elastomeric material may be a polyurethane having a shore A 
durometer of about 95. 
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According to still another aspect of the present invention, there is provided an 
electrolysis cell stack, said electrolysis cell stack comprising (a) a first electrolysis cell; 
(b) a second electrolysis cell, said second electrolysis cell being anranged in series 
with said first electrolysis cell; and (c) an electrically-conductive compression pad of 
5 the type described above interposed between said first electrolysis cell and said 
second electrolysis cell. 

Additional objects, features, aspects and advantages of the present invention 
will be set forth, in part, in the description which follows and, in part, will be obvious 
from the description or may be learned by practice of the invention. In the 

10 description, reference is made to the accompanying drawings which form a part 
thereof and in which is shown by way of illustration specific embodiments for 
practicing the invention. These embodiments will be described in sufficient detail to 
enable those skilled in the art to practice the invention, and it is to be understood that 
other embodiments may be utilized and that structural changes may be made without 

15 departing from the scope of the invention. The following detailed description is, 
therefore, not to be taken in a limiting sense, and the scope of the present invention 
is best defined by the appended claims. 
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BRIEF DESCRtPTION OF THE DRAWINGS 

The accompanying drawings, whicli are hereby incorporated into and 
constitute a part of this specification, illustrate preferred embodiments of the invention 
and, together with the description, serve to explain the principles of the invention, In 
5 the drawings wherein lil<e reference numerals represent like parts: 

Fig. 1 is a top view of a conventional electrically-conductive compression pad 
suitable for use in an electrolysis cell stack; 

Fig. 2 is a front end view of the compression pad of Fig. 1; 

Fig. 3 is a top view of the elastic disk of the compression pad of Fig. 1 ; 
1 0 Fig. 4 is a schematic section view of the compression pad of Fig. 1 positioned 

between the metal separators of two adjacent cells of an electrolysis cell stack; 

Fig. 5 is a top view of a first embodiment of an electrically-conductive 
compression pad constructed according to the teachings of the present invention; 

Fig. 6 is a bottom view of the electrically-conductive compression pad of Fig. 

15 5; 

Fig. 7 is a front end view of the electrically-conductive compression pad of Fig. 

5; 

Fig. 8 is a front end view of the electrically-conductive compression pad of Fig. 
5, showing the pad in a fully compressed state; 
20 Fig. 9 is a graphic representation of the compression forces the compression 

pads of Fig. 1 and Fig. 5 are able to withstand; and 

Fig. 10 is a top view of a second embodiment of an electrically-conductive 
compression pad constructed according to the teachings of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring now to Figs. 1 and 2, there are shown top and front end views, 
respectively, of a conventional electrically-conductive compression pad suitable for 
use in an electrolysis cell stack, said conventional electrically-conductive compression 

5 pad being represented generally by reference numeral 1 1 . 

Pad 1 1 comprises a disk 13. Disk 1 3 is typically made of a silicone rubber and 
has a thickness of about 0.065 inch. As seen best in Fig. 3, disk 13 is provided with 
a patterned array of transverse holes 15 and transverse slots 17. Holes 15 allow for 
lateral expansion of disk 13 when disk 13 is compressed so' that the overall surface 

10 area of disk 13 does not increase significantly during compression. The function of 
slots 17 is apparent from the description below. 

Referring back to Figs. 1 and 2, pad 1 1 comprises a plurality of metal strips 1 9. 
Strips 19, which typically have a thickness of about 0.005 inch, are woven in a 
parallel arrangement from the top face 21 of disk 1 3 to the bottom face 23 of disk 1 3 

15 through slots 17. Strips 19 are typically provided with transverse breaks 25 to allow 
for expansion. 

Referring now to Fig. 4, there is shown a schematic section view of 
compression pad 1 1 positioned between the metal separators 27 and 29 of adjacent 
cells within an electrolysis cell stack. As can be seen, disk 13 serves to evenly 
20 distribute the pressure exerted by the clamping force over the entireties of separators 
27 and 29. At the same time, strip 19 serves to electrically interconnect separators 
27 and 29 at a plurality of points along the length of strip 19. 

Unfortunately, however, as described above, compression pad 11 has 
marginal utility when used in electrolysis cell stacks in which the differential pressure 
25 exceeds about 500 psi. 

Referring now to Figs. 5 through 7, there are shown top, bottom and front end 
views, respectively, of a first embodiment of an electrically-conductive compression 
^ pad constructed according to the teachings of the present invention, said electrically- 
conductive compression pad being represented generally by reference numeral 51. 
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Pad 51 comprises an electrically-conductive disk 53. Disk 53 is preferably 
made from a single sheet of metal. Examples of suitable metals for use as disk 53 
are low resistivity (or high conductivity) metals including, but not limited to, niobium, 
titanium, zirconium, tantalum, copper, nickel, hastelloy, and steel. Of the foregoing 
6 metals, niobium is preferred. Disk 53 preferably has a thickness of approximately 
0.005 inch. 

Preferably, disk 53 is shaped (e.g., by bending, folding, stamping, etc.) to 
include an alternating pattern of parallel ribs 55 and channels 57, said alternating 
pattern extending across the entirety of disk 53 and being reversed on the opposite 

10 face of disk 53. 

Pad 51 also comprises a plurality of elastomeric strips 59, each strip 59 being 
positioned within a conresponding channel 57 and being secured to disk 53 by an 
adhesive 60. Strips 59 are preferably dimensioned and made of an appropriately 
compressible material so that, when pad 51 Is compressed, strips 59 expand laterally 

15 to fill their respective channels 57 and lie flush with their adjacent ribs 55. In this 
manner, strips 59 form an essentially uninterrupted, flat surface on alternating sides 
of disk 53 (see Fig. 8), thereby allowing uniform pressure over its entire surface area 
to be applied to a pair of electrolysis cells positioned on opposite sides thereof while, 
at the same time, electrically interconnecting said pair of electrolysis cells. 

20 The elastomeric material used to make strips 59 is preferably selected based 

on the operating conditions of the cell stack. These operating conditions may include 
pressure and temperature, as well as the thickness and deformation of the 
compression pad during use. Since compression pad 51 and, in particular, strips 59 
compensate for component dimensional variations, the elastomeric material must be 

25 sufficiently compressible so that the size of the compressed elastomeric material 
substantially coincides with the component dimensional variation within the cell. The 
compressibility range of strips 59 is dependent upon its hardness. If the elastomeric 
material has a shore A durometer hardness greater than about 100, it is basically 
solid and incompressible and therefore not capable of compensating for the 

30 component dimensional variations. In contrast, if the elastomeric material has a 
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shore A durometer hardness less tiian about 45, it is soft and incapable of 
maintaining uniform contact pressure. Therefore, elastomeric material including 
rubbers, such as silicone rubber, fluorosilicon rubber, nitrile rubber, and polyurethane, 
and other materials having a shore A durometer hardness of about 45 to 100 are 
5 suitable elastomeric materials for use as strips 59. Silicone rubber, which has a 
shore A durometer hardness of about 55, is most suitable where pressures of up to 
800 psi are likely to be experienced whereas polyurethane, which has a shore A 
durometer hardness of about 95, is suitable where higher pressures of up to about 
2500 psi are likely to be experienced. As can readily be appreciated, by varying the 

10 type of elastomeric material used to make strips 59, one can adjust the amount of 
pressure exerted by strips 59. 

In an illustrative example of pad 51, disk 53 is made of niobium and has a 
diameter of approximately 6.1 inch and a thickness ofapproximately 0.005 inch. Five 
ribs 55 and four channels 57 are present on the top surface of disk 53, and five 

15 channels 57 and four ribs 55 are present on the bottom surface of disk 53. Each 
channel 57 has a width that is approximately 23/32 inch. Strips 59 are made of 
silicone rubber having a shore A durometer hardness of approximately 55, each strip 
59 having a width ofapproximately 15/32 inch and a thickness ofapproximately 1/16 
inch. 

20 Some additional features and/or advantages of pad 51 are as follows: (1) It 

reduces the need for re-tightening or cleaning for periodic maintenance of contact 
pressure to maintain the selected level of electrical conductivity; (2) It minimizes 
distortion (i.e., dents, etc.) of the mating parts of the stack in contact with the pad 
since contact with the pad is over a wide surface area; (3) Proper selection of the 

25 materials used to make the pad to withstand deterioration is available over a wide 
range of environmental conditions; (4) Constant contact pressure can be maintained 
over a number of individual parts in a stacked series arrangement; and (5) 
Dimensional thickness variations between stacked parts within a sub-assembly can 
be accommodated to maintain the same pressure across the facing surface. This is 



11 



wo 02/50339 



PCT/USOl/49204 



especially desirable in a stack when the parts are rigid or machined within a 
tolerance, thus requiring a flexible pad to maintain full surface contact. 

Referring now to Fig. 9, there is shown a graphic representation of the relative 
compression forces compression pads 1 1 and 51 are able to withstand. As can be 
5 seen, compression pad 51 is able to withstand a considerably greater compression 
force than compression pad 11. 

Referring now to Fig. 10, there is shown a top view of a second embodiment 
of an electrically-conductive compression pad constructed according to the teachings 
of the present invention, said electrically-conductive compression pad being 
1 0 represented generally by reference numeral 101. 

Pad 1 01 is similar in most respects to pad 51 , the principal difference between 
the two pads being that pad 101 Includes a rectangularly-shaped electrical conductor 
1 03, instead of disk 53. Conductor 1 03 may be made of the same materials as disk 
53. 

15 It should be understood that, whereas the compression pad of the present 

invention has been described as being suitable for use in electrolysis cell stacks, said 
compression pad is equally suitable for use in fuel cell stacks. Accordingly, unless 
otherwise noted to the contrary, all references in the present specification and claims 
to electrolysis cell stacks are intended to encompass fuel cell stacks as well. 

20 The embodiments of the present invention recited herein are intended to be 

merely exemplary and those skilled in the art will be able to make numerous 
variations and modifications to it without departing from the spirit of the present 
invention. All such variations and modifications are intended to be within the scope 
of the present invention as defined by the claims appended hereto. 
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WHAT IS CLAIMED IS : 

1. An electrically-conductive compression pad suitable for use in an 
electrolysis ceil stack, said electrically-conductive compression pad comprising: 

(a) a single sheet of electrically-conductive material, said single sheet 
5 of electrically-conductive material having a top surface and a bottom surface; and 

(b) elastomeric material arranged on said single sheet of electrically- 
conductive material in such a way that, when said elastomeric material is 
compressed, substantially uniform pressure is exerted across each of said top 
surface and said bottom surface of said single sheet. 

1 0 2. The electrically-conductive compression pad as claimed in claim 1 wherein 

said elastomeric material is arranged on each of said top and bottom surfaces of said 
single sheet and wherein said single sheet of electrically-conductive material is bent 
to lie flush with said elastomeric material at one or more points on each of said top 
and bottom surfaces when said elastomeric material is compressed. 

15 3. The electrically-conductive compression pad as claimed in claim 2 wherein 

said single sheet of electrically-conductive material is a sheet of metal. 

4. The electrically-conductive compression pad as claimed in claim 3 wherein 
said metal is selected from the group consisting of niobium, titanium, zirconium, 
tantalum, copper, nickel, steel, and hastelloys. 

20 5. The electrically-conductive compression pad as claimed in claim 4 wherein 

said metal is niobium. 

6. The electrically-conductive compression pad as claimed in claim 5 wherein 
said single sheet of electrically conductive material has a thickness of about 0.005 
inch. 

25 7. The electrically-conductive compression pad as claimed in claim 2 wherein 

said elastomeric material is a rubber having a shore A durometer of approximately 
45 to 100. 

8. The electrically-conductive compression pad as claimed in claim 7 wherein 
said rubber is a silicone rubber having a shore A durometer of about 55. 
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9. The electricaily-conductive compression pad as claimed in claim 2 wherein 
said elastomeric material is a polyurethane having a shore A durometer of about 95, 

1 0. The electrically-conductive compression pad as claimed in claim 2 wherein 
said single sheet of electrically-conductive material is circular in shape. 

5 1 -1 The electrically-conductive compression pad as claimed in claim 2 wherein 

said single sheet of electrically-conductive material is rectangular in shape. 

12. An electrically-conductive compression pad suitable for use in an 
electrolysis cell stack, said electrically-conductive compression pad comprising: 

(a) a single sheet of electrically-conductive material, said single sheet 
10 of electrically-conductive material having a top surface and a bottom surface, said 

single sheet of electrically-conductive material being bent up and down to include a 
plurality of alternating ribs and channels; and 

(b) elastomeric material mounted within said channels, said elastomeric 
material being dimensioned so that, when said elastomeric material is compressed, 

15 said elastomeric material lies flush with said ribs and exerts substantially uniform 
pressure across each of said top surface and said bottom surface of said single 
sheet. 

13. The electrically-conductive compression pad as claimed in claim 12 
wherein said alternating ribs and channels are linear and parallel to one another. 

20 14. The electrically-conductive compression pad as claimed in claim 12 

wherein said single sheet of electrically-conductive material is a sheet of metal. 

15. The electrically-conductive compression pad as claimed in claim 14 

wherein said metal is selected from the group consisting of niobium, titanium, 

zirconium, tantalum, copper, nickel, steel and hastelloys. 
25 16. The electrically-conductive compression pad as claimed in claim 15 

wherein said metal is niobium. 

17. The electrically-conductive compression pad as claimed in claim 16 

wherein said single sheet of electrically conductive material has a thickness of about 

0.005 inch. 
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18. The electrically-conductive compression pad as claimed in claim 12 
wherein said elastomeric material is a rubber having a shore A durometer of 
approximately 45 to 100. 

19. The electrically-conductive compression pad as claimed in claim 18 
5 wherein said rubber is a silicone rubber having a shore A durometer of about 55. 

20. The electrically-conductive compression pad as claimed in claim 12 
wherein said elastomeric material is a polyurethane having a shore A durometer of 
about 95. 

21. The electrically-conductive compression pad as claimed in claim 12 
10 wherein said single sheet of electrically-conductive material is circular in shape. 

22. The electrically-conductive compression pad as claimed in claim 12 
wherein said single sheet of electrically-conductive material is rectangular in shape. 

23. An electrolysis cell stack comprising: 

(a) a first electrolysis cell; 

15 (b) a second electrolysis cell, said second electrolysis cell being 

arranged in series with said first electrolysis cell; and 

(c) the electrically-conductive compression pad of claim 1 interposed 
between said first electrolysis cell and said second electrolysis cell. 

24. An electrolysis cell stack comprising: 
20 (a) a first electrolysis cell; 

(b) a second electrolysis cell, said second electrolysis cell being 
arranged in series with said first electrolysis cell; and 

(c) the electrically-conductive compression pad of claim 2 interposed 
between said first electrolysis cell and said second electrolysis cell. 

25 25. An electrolysis cell stack comprising: 

(a) a first electrolysis cell; 

(b) a second electrolysis cell, said second electrolysis ceil being 
arranged in series with said first electrolysis cell; and 

(c) the electrically-conductive compression pad of claim 12 interposed 
30 between said first electrolysis ceil and said second electrolysis cell. 
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Pad Thickness vs Force/Pressure 




0.063 ' ' ' » 

0 10D00 20000 30000 40000 

Compression Force 
I I I I I 



0 300 600 900 1200 . 

Pad Pressure (psi) 



6/7 



wo 02/50339 



PCT/USOl/49204 




7/7 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US01/M}U(H 



A, CLASSIFICATION OF SUBJECT MATTER 

IPC(7) : Cii5B 9A)0, n/00; Oi^C 7/00, 7/Oli; Ctf5D 17/00. 17/10 
US CL :«0+/i207, 'JOa, «8G.I, ^78.3, ti5a, 'i33. aoV 
According to International Patent Classification (IPC) or to both national ela-sstHcation and IPC 



B» FIELDS SEARCHED 



Minimum documentation searched (clasRi/ication system followed by classification symbols) 
U.S. : ii(H/ii67, 208. ^iSG.l, ^78.3, aSi!, «i33. 



Documentation .searched other than minimum documentation to the extent that such document-s are included in the fields 
searched 



Electronic data base coasulted during the international search (name of data base and, where practicable, search terms u.sed) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document* with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 6,153,083 A (HOFMANN et aOiS^ November 2000, see entire 
document. 

US 6.037,075 A (CRITZ et al) 14 March 2000, see entire document. 

US 6,010,317 A (MAGET et al) 04 January 2000, see entire 
document. 

US 4,137,144 A (BCENNEY) 30 January 1979, see entire document. 



1-25 

1-25 
1-25 

1-25 



[™| Further documents are listed in the continuation of Box C. | ^ See patent family annex. 



♦ Spccinl cntegcrica of cited documents: 

"A" document dellning tlie geneiil state of thw art whicli u not 

considered to Imj of [larttLnitar relevance 

"K" earlier dooiment imblihlieJ nn w afrer the iniernationn! niinu date 

"L" document which inay throw t][>iilts on priority claim (s) or which 

Lited to BStabiikh the pviblication date cif nnuther cirarion or other 
Apedal reavon tat, kpecifieJi 

dtKiiment reltrritij^ tti an oral dl.sclo.wrc, u*c, exhtiiition or uthcr 
meanx 

*■]'" docnment pitblivhed prior to the international filing dare Ui[ later 

than the priority date claimetl 



later document iniblished arter the international filing date or priority 
date and nntin conflict with the opplicatiou but cited t(» understand 
tlie principle tir tlieorj' undei'IyinB; the invention 

document nf particular relevance*, the claimed invenitun cannot lie 
CO ni ill Bred novel or cannot be considered to iiiv otvv nn inventive j^tep 
wfien the dtK'timent la taken alone 

document of particular relevance the clnimed invent inn cannot he 
considered ri> invoK'e an in\enii\e >tep when t\w Jnctinteni is 
combined with one or more otiier such docutnent,s. Mich ctimhinaticin 
bein^ ol)vinut to u per!.on sic tiled in the art 

document member of the.iame patent family 



Date of the actual compledon of the international .search 
±^ MARCH ^OOii 


Date of mailing of tiie international search report 

18 APKeagi 


Name and mailing address of the ISA/ US 
Coninii.ssloiiKr of Parents :mJ Tr!ideinarU.s 
Box PCX 

\Vu.«;liington, O.C. ilOM*^\ 

Facsimile No. (7oa) 305-;i'jao 


.\iithorizecl officer / 

BRUCE BELL • " fN iV 4 
Telephone No. (703)^08-0001 Jj^ 



Form PCT/LSA/'JU) (second sheet) (July im)8)+ 



